Recently, significant media attention has been focused on testosterone supplementation therapy (TST) and increased cardiovascular (CV) risk. Treatment for testosterone deficiency syndrome (TDS) has been on the rise in the past several years. US Food & Drug Administration (FDA) drug utilization data showed sales increased 65% between 2009 and 2013 (1) . The true prevalence of TDS varies based on the source, definition of the condition and age of population studied, however, it is believed to range from 2-39% (2, 3). Patients suffering from TDS are at an irrefutably increased risk for bone density loss, development of type 2 diabetes (T2DM), anemia, sarcopenia, cognitive deficits, and premature death (4). Shores et al, have shown increased mortality rates in men with low testosterone (mortality rates with normal, equivocal, and low testosterone levels were 20%, 25%, 35% respectively) (5).
Patients should be made aware of possible adverse events associated with TST in particular as polycythemia and hyperestrogenism (6) . Polycythemia is believed to be a dose-dependent effect and hematocrit levels should be maintained below 54% to prevent hyperviscosity-related events. Hyperestrogenism is a response of testosterone conversion to estrogen via aromatase in adipose tissue and may be associated with gynecomastia. Two recent meta-analyses have shown that prostate related events (rates of prostate cancer, PSA >4 ng/mL, prostate biopsies) were not statistically significantly higher in the testosterone supplementation group compared to the placebo group (6, 7) . Also these meta-analyses demonstrated no significant elevation in CV risk. In a meta--analysis by Aruajo et al., the authors reported that testosterone levels ≥2.18 standard deviations below normal range were associated with 35% and 25% elevated risk in all--cause mortality and CV disease mortality, respectively (8) . However, the authors note that their analysis showed considerable between-study heterogeneity limiting the clinical extrapolation of the data.
Some of the difficulty addressing research in TST relates to the methodological challenges related to studying patients with TDS, including: population heterogeneity, circadian rhythm of testosterone secretion, use of total vs. free testosterone, number of pre-treatment testosterone levels, covariate analysis, duration and follow-up of TST. There is often significant heterogeneity in the populations being studied therefore limiting the validity of comparative analyses. Ideally, populations should be matched in patient demographics, and baseline TDS parameters (symptoms and severity). Trial design should account for testosterone level variance based on circadian rhythm and consistently use total (by LCMS analysis) or free testosterone (by equilibrium dialysis) level measurement. Also, important for trial design are standardized minimum number of pre-treatment testosterone levels, standardized duration of treatment and follow-up 
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protocols. Statistical analyses should be appropriate (routinely used and interpretable by the average scientific reader) and validated for the type of study.
There have been three articles popularized by the media in the last couple years. Basaria et al. published in the New England Journal of Medicine a randomized, double--blinded, placebo-controlled trial in men with TDS (total testosterone [TT]100-350 ng/ dL) older than 65 years of age with the primary end-point of assessing fraility (mobility) data (in particular quadriceps strength) (9) . Patients were treated for 6 months (T gel vs. placebo) and had TT levels maintained between 500-1000 ng/dL. Once again, neither primary nor secondary endpoints were CV events. The CV and atherosclerotic events were recorded via self-report or medical record review or physician assessment. In all, 209 patients were randomized and 176 completed the 6 month treatment period. Of note, there was a higher rate of prior CV morbidities in the T supplementation group at baseline. The authors reported more CV events in the testosterone group compared to placebo (23 vs. 5 subjects), indeed the study was ceased prematurely because of this signal. However, some of the symptoms defined as CV in nature would not put a patient at increased risk of significant morbidity or mortality (peripheral edema, systolic hypertension, atrial tachyarrythmias). It is unclear whether any significant difference would have been demonstrated between the groups if myocardial infarction (MI) and cerebrovascular accident (CVA) had been used to define CV events.
In another such article, Vigen et al. published in JAMA a retrospective review of men with low TT (<300 ng/dL) who underwent coronary angiography (CA) in the Veterans Affairs (VA) hospital system (10) . Men who were on TST prior to CA were excluded from the study. Only the TT level closest to the CA was used. It was assumed that patients adhered to TST the entire study period based on filling an initial prescription from the VA pharmacy. Primary end-points were time to all-cause mortality and time to hospitalization for MI or CVA. They used Cox proportional hazards models with a rarely utilized statistical test known as 'stabilized inverse probability of treatment weighting' to control for over 50 different variables to assess the relationship between TST and the primary endpoints. There was no control used for time of day in TT testing. There were 8709 patients included in the study and of these 1223 (14%) initiated TST a median of 531 days after the angiography. However, after publication the authors adjusted their reported data and changed the number of patients excluded due to starting TST after MI or stroke from 128 to 1132, all of whom, we believe, should have been included in the non-TST group within the study. Only 60% of TST patients had a follow-up TT level checked while on therapy and 18% of the TST group only filled one prescription. The outcomes were as follows: death -non-TST 9%, TST 12%; MI -non-TST 6%, TST 2%; CVA -non-TST 6%, TST 3%. Yet, through obtuse statistical analysis weighting for 50 confounders, many of which are not classically associated with TDS, the authors suggested CV event were three times more likely in the TST group. The major limitations to this study included: convoluted and complex statistical analysis, data errors within the original paper, erroneous exclusion criteria, flawed laboratory testing (time not factored in TT), inadequate documentation of TST, insufficient follow-up of TST patients.
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More recently, Finkle et al. published in PLoS ONE a retrospective cohort study using an insurance claims registry database. The study was conducted by a private firm in conjunction with the NIH. They used the insurance database to access diagnosis, prescriptions, and procedures but they had no data on TT levels or indications for treatment. The study group included patients who filled a prescription for testosterone (n=55,593) and the control group were patients who filled a prescription for a phosphodiesterase type-5 inhibitor (PDE5i) (n=167,279). Patients were followed for 90 days post-prescription and covariates were determined from data drawn from 12 months pre-prescription. They had no data on medication use compliance. The primary endpoint was non-fatal MI within 90 days of filling the prescription. They analyzed MI rates pre and post testosterone prescription. They found that men on TST over 65 years of age (RR= 2.19 vs. 1.15) and men under 65 years with prior history of heart disease (RR= 2.9 vs. 1.4) had higher relative risks (RR) of non-fatal MI when compared to their PDE5i counterparts. The major limitations of this study included: the fact that all data were based on prescription data, questionable control group, short follow-up (90 days), and questionable conflict of interest with authors (one of the authors was owner of the private group analyzing the data). It is being increasingly appreciated that PDE5i may be cardioprotective, thus using them as a control group in a study assessing MI events is flawed and essentially invalidates the data (11) .
Overall, these three papers claiming increased CV risks in patient using TST are all inherently flawed and limit the interpretation of the data and the clinical applicability is questionable. Especially when more than two decades of good science and the Araujo meta-analysis have found quite the opposite, that TDS is associated with a higher incidence of CV events. Finally, more recently, Corona et al show in a large meta-analysis no association between TST and increased CV risk (12) . In September 2014, a US Food and Drug Administration advisory panel met and determined more studies are needed to identify the true CV risk with TST and they recommended changing labeling to stress use only in those patients with a diagnosis of hypogonadism (1) . In December 2014, the European Medicines Agency's Pharmacovigilance Risk Assessment Committee determined there was no consistent evidence of an increased CV risk with the use of TST (13) . With this, the media attention surrounding TST has declined and most importantly, our clinical practice regarding TST prescribing and what we tell patients has not changed.
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